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6 $\rho_{\overline{dt}}+\nabla p-\mu\Delta v-l\eta=F,$
$3-9An\dot{0}Sym$ $0-6A_{I}mSym$ $\rho C_{p}+()_{\ell}\underline{dT}\underline{T}\underline{\partial p}\underline{\psi}$- $T=Q$
2 $dt p\partial\Gamma dt$
$\rho$ $p$
$\gamma$
0- $6A$ i $m$ $\mu$ $8$ $Cp$ $\lambda$ $\Lambda$
$P$ $Q$
$(Fig.3a,b)$ $F=0$ $Q\prec$}
–$+ \prime T=T+\Gamma (1-\beta\Gamma), \nabla$$p_{I}^{=}\%$ $p,$ $0$ , $\rho-\hslash$ $A$% $=\rho$
$\rho$ $\rho 0$
$\backslash t_{\wedge}$ $\nabla\cdot v=0,$
(Fig.Ab) dv 1 $\mu$







dv $\partial v$ $V\cdot V$
$\overline{d/}\overline{\partial t}\overline{2}\equiv+\nabla()-vx(\nabla xv)$
$Sensitive$
$\Delta v\equiv\nabla(\nabla\cdot$ $)-\nabla x(\nabla xv)=-\nabla x(\nabla xv)$
2
44
$\frac{\partial}{\partial t}\nabla\cross v-\nabla\cross(v\cross(\nabla\cross v))=$
$- \frac{\mu}{\rho_{0}}\nabla\cross(\nabla\cross(\nabla\cross v))$
$=- \frac{\mu}{\rho_{0}}(\frac{\partial(\nabla\cross(\nabla\cross v))_{z}}{r\partial\theta},-\frac{\partial(\nabla\cross(\nabla\cross v))_{z}}{\partial r},$
$- \beta\nabla\cross(T’g)-\frac{\mu}{\rho_{0}}\nabla\cross(\nabla\cross(\nabla\cross v))$
2 $(r$ $\theta$ $z)$
$\frac{1}{r}\frac{\partial}{\partial r}(\prime\langle\nabla\cross(\nabla\cross v))_{\theta})-\frac{\partial(\nabla\cross(\nabla\cross v))_{r}}{\prime\partial\theta})$
$\nabla\cdot v=\frac{1}{r}\frac{\partial}{\partial r}(rv_{r})+\frac{1\partial}{r\partial\theta}(\nu_{\theta})=0$
$=- \frac{\mu}{\rho_{0}}(0,0,-\frac{1}{r}\frac{\partial}{\partial r}(r\frac{\partial(\nabla\cross v)_{z}}{\partial r})-\frac{\partial}{r\partial\theta}(\frac{\partial(\nabla\cross v)_{z}}{r\partial\theta}))$





$\nabla\cross v\equiv(\frac{\partial\nu_{z}\partial\nu_{\theta}}{r\partial\theta\partial z},\frac{\partial\nu_{r}\partial\nu_{z}}{\partial z\partial r},\frac{1}{r}\frac{\partial}{\partial r}(\prime\gamma_{\theta})-\frac{\partial\nu,}{\prime\partial\theta})$
$\frac{dT’}{dt}=\frac{\partial T’}{\partial t}+\nu\cdot\nabla T’=\frac{\partialT’}{\partial t}+\nu_{r}\frac{\partial}{\partial r}T’+v_{\theta}\frac{\partial}{r\partial\theta}T’$
$=(0,0, \frac{1}{r}\frac{\partial}{\partial r}(rv_{\theta})-\frac{\partial v_{r}}{\prime\partial\theta})=(0,0,\frac{1}{r}\frac{\partial}{\partial r}(r\frac{\partial_{\psi}}{\partial r})+\frac{\partial_{\psi}^{2}}{\nearrow\partial\theta^{2}})$
$=(0,0,\Delta_{\psi})$





$-(^{\partial(v\cross(\nabla\cross v))_{z}},- \frac{\partial(v\cross(\nabla\cross v))_{z}}{\partial r}r\partial\theta$
’
$\frac{\partial}{\partial t}\omega+J(\psi,\omega)=\beta g(\frac{1\partial}{r\partial r}(rT’\cos\theta)-\frac{\partial T’\sin\theta}{i\theta})+\frac{\mu}{\rho_{0}}\Delta\omega,$
$\frac{1}{r}\frac{\partial}{\partial r}(\prime\langle v\cross(\nabla\cross v))_{\theta})-\frac{\partial(v\cross(\nabla\cross v))}{d\theta})$




ere $\omega\equiv\Delta_{\psi},$ $\Delta C\equiv\frac{1\partial}{r\partial r}(r\frac{\partial C}{\partial r})+\frac{\partial^{2}C}{f\partial\theta^{2}}$
$=-(0,0, \frac{1\partial}{r\partial r}/\langle-\nu,\Delta_{\psi})-\frac{\partial}{r\partial\theta}(\nu_{\theta}\Delta_{\psi}))$
3.
$=-(0,0, \frac{1}{r}\frac{\partial}{\partial r}(\frac{\partial_{\psi}}{\partial\theta}\Delta\psi)-\frac{\partial}{\prime\partial\theta}(\frac{\partial_{\psi}}{\partial r}\Delta\psi))$
,$>$7 $2R$
$=-(0,0,\Delta_{\psi}\underline{\partial_{\psi}^{2}}+\Delta_{\psi}-)\underline{\partial_{\psi}\partial\Delta_{\psi}\partial_{\psi}^{2}}\underline{\partial_{\psi}\partial\Delta_{\psi}}$ -7 2a Th Tc
$r\partial r\partial\theta r\partial\theta\partial r ;\partial\chi_{r} \prime\partial r\partial\theta$ D
$=(0,0,- \frac{\partial_{\psi}\partial\Delta_{\psi}}{r\partial\theta\partial r}+\frac{\partial\psi\partial\Delta_{\psi}}{\partial rr\partial\theta})\equiv(0,0,J(\psi,\Delta\psi))$
$U$ $A^{*}$ $B^{*}$ $c*$





$- \beta(\frac{\partial(T’g)_{z}}{\prime\partial\theta},-\frac{\partial(T’g)_{z}}{\partial r},\frac{1}{r}\frac{\partial}{\partial r}(\prime(T’g)_{\theta})-\frac{\partial(T’g)_{r}}{\theta\theta})$ $\Delta O\equiv$ $f_{f}^{1}\Delta^{*}C^{*}$
$= \beta g(0,0,\frac{1}{r}\frac{\partial}{\partial r}(rT’\cos\theta)-\frac{\partial T’\sin\theta}{r\partial\theta})$
$z$
$J()_{-}\partial_{-}4^{*}\partial B^{*}\partial B^{*}\partial,4^{*}$
2 $\partial r^{*}\partial\theta^{*} \partial r^{*}\partial\theta^{*}$
’
$\Delta^{*}\mathcal{C}^{*}\frac{-1\partial}{-1+\epsilon^{*}r^{*}\partial r^{*}}((1+\epsilon^{*}\prime^{*})\frac{\partial C^{*}}{\partial r^{*}}+e^{*2}\frac{\partial^{2}C^{*}}{\partial\theta^{2}},$














$\frac{\partial}{\partial t}\omega=\frac{\epsilon}{1+\epsilon r}4\psi,\omega)+_{\Gamma\sigma}^{1}\Delta\omega+\frac{1\partial}{1+\epsilon r\partial r}((1+\epsilon r)Tm\theta)\frac{\epsilon\partial}{1+\epsilon r\partial\theta}$Tsm $\theta,$
$\frac{\partial}{\partial t}T=\frac{\epsilon}{1+\epsilon r}K\psi,J)+\frac{1}{PrJ\sigma}\Delta T$
($X$ , Co)
$\frac{\partial}{\partial t}(\begin{array}{l}Y4_{\prime}Z\ell_{\prime}\end{array})=\frac{1}{\sqrt{Gr}}(\begin{array}{l}Y7_{\prime}zr_{\prime}\end{array})+(\begin{array}{l}jp_{\prime}Z\beta_{\prime}\end{array})+e(\begin{array}{l}Y_{\prime}4D_{\prime}\ovalbox{\tt\small REJECT} D_{\prime}\end{array})$ $(_{n’=1,2,3}^{n"=0,1,2.’.3}.\cdots\cdot)$
wire
$(\begin{array}{l}Y\Lambda_{\prime}Z\ell_{l}\end{array})\overline{\infty}(\begin{array}{l}j_{\prime}.\cdot z_{n}\end{array})+\{_{z,}^{j})-e^{z_{t^{\phi(\begin{array}{l}fz_{l}\end{array})}}}$
$(\begin{array}{l}\chi\gamma zr.\end{array})r(\begin{array}{l}\sim\sim Y_{*}\tilde{Z}_{l}^{\wedge}\end{array})+2\{_{\tilde{z}}^{j\overline{\prime}}\prime..)-e^{?}(\iota+2n^{\prime\prime 2})(\begin{array}{l}j_{\prime}-z.\end{array})+d(1+2\pi^{\prime-1})(\begin{array}{l}\dot{Y}\dot{z}_{\prime}\end{array})-e.(4_{l’-\pi’)(\begin{array}{l}fz_{\prime}\end{array})}^{2d}$
$(\begin{array}{l}jp_{\prime}ZB.\end{array})r(\begin{array}{l}\dot{\mathcal{C}}_{0}\delta_{n}\frac{e}{2}\delta_{P2}\end{array})+2\sum_{-1}[(\begin{array}{l}CC\mathcal{C}(n.1.n’)\dot{C}s\alpha(n.1,n’)\dot{S}_{l}\end{array})+\ell(\begin{array}{l}X\mathcal{C}(n,l,n")C-\mathcal{C}S\mathfrak{N}n,1.n,’)S_{*}\end{array})]$
and
$(\begin{array}{l}YAD_{\prime}Z4D_{\prime}\end{array})=n^{n}(_{\tilde{Y,}+e\dot{Y},+d(1-n^{d})r}^{-\ddot{Z},-e\dot{Z}_{P}-d(I-n^{d})Z}, -ef, -Y,\prime z,z,)\{\begin{array}{l}\dot{r}_{0}\tilde{r_{0}}\sim f_{0}’\end{array}\}$
$+2 \sum_{-1}\sum_{t}n’\{\begin{array}{l}ccc_{dP}css_{-\sim}\end{array}\}(_{-2e,1\tilde{Y_{d}}+ef_{d}+dP-n^{\ell})Y,]^{-eY_{l}-f,}}^{-2e,P\ddot{z},+\prime\dot{Z},+J/-n^{\prime l})Z,]^{eZ,.Z,}}Z_{d}r_{d}-[[.((11++\prime\prime.)[_{j_{l}^{\sim}}^{Y}\dot{Y}_{*}\tilde{f})$













$+2 \sum\sum n’\{\begin{array}{ll}CCC(n,n’ n’)CSS(n,\prime\prime,,n’) \end{array}\} (\begin{array}{ll}-S_{\hslash’} Z_{\prime’}C_{\hslash} -y_{\prime’}\end{array})(\begin{array}{l}\dot{Y}_{\hslash}\dot{C}_{\hslash}\end{array})$
$\varpi 1n’\cdot 1$




$T=- \sin\theta+C_{0}+\sum_{\prime-1} (C. \cos/\theta+S_{n}\sin me)$
46
$\frac{\partial}{\partial r}\psi=0,$ $\frac{\partial}{\partial\theta}\psi=0,$ $T=-\sin\theta$ $A \ovalbox{\tt\small REJECT}_{n^{-}k^{--}}\equiv(\begin{array}{l}w_{n^{--}l^{-/}}ZB_{n^{1}k^{- \mathfrak{l}}}\end{array})=\frac{1}{4}(\begin{array}{l}TC_{0k"- 2}(k"-2)+TC_{0k’},k"0\end{array})(-1)^{k^{1}\prime}\delta_{t^{-1}},$
$+- \sum 2$
1
$\prime-1(\begin{array}{l}(TC_{\prime\phi- 2}(k"-2)+TC_{nk},,k")(-1)^{t}" CCC(n,1,n")(TS_{d^{-/}- 2}(k^{|\prime}-2)+TS_{nk^{|}}.k’)(-1)^{1^{-}},SCS(\eta 1,n’,)\end{array}),$
$X= \sum_{m-1}QC_{0m}f_{m},$ $Y,$ $= \sum_{-2}QC_{nm}g_{m},$ $Z_{n}= \sum_{m=2}QS_{nn}g_{m}$ where $k”=i”(\geq 3),j"(\geq 2)$
$C_{0}= \sum_{-1}TC_{0m}h_{m},$ $C_{n}= \sum_{m-1}TC_{nm}h_{n},$ $S_{n}= \sum_{m-1}TS_{nm}/r_{m},$
$\ovalbox{\tt\small REJECT} D_{n^{\epsilon t}k^{\sigma}}, \equiv(\begin{array}{l}YAD_{n^{||}k^{--}}Z4D_{\hslash^{--\kappa- t}}\end{array})\equiv n"(_{-XM_{n^{-}’}}XZZY_{n};^{\prime-})$
$W$ $\mathcal{O}\ell$
$g_{n}=(l+\cos 2r),(\sin r+\sin 3r),(\cos 2r+\cos 4r),(\sin 3r+\sin 5r)f_{m}=\sin r’\cos 2r,\sin 3r,\cos 4r’\sin 5r,\cos 6r’\ldots\ldots\ldots.,\ldots.$
$+2 \sum_{n=1}\sum_{n^{-}=1}(\begin{array}{l}n’IZZY_{mk^{-}},CCC_{n.n^{-}.n^{-/}}-n’ZYIZ_{nn^{-}k’},SSC_{n.n.n^{1-}}-n’XYW_{m^{\Pi}/}.CSS_{n,n,n}.+n’ ZZZZ_{nn}..{}_{t’}SCS_{n,n.n^{-}}\end{array})$




$[\mathscr{B}]=$Cos m $\{\begin{array}{l}-\sum_{1/}\sum_{=3}X\emptyset_{t’ J}j|W_{d^{-}t^{-}//}-\sum_{t-l1}\sum_{=3}X\ovalbox{\tt\small REJECT}_{d’ t}\Lambda W_{d/^{-l}f}-\sum_{t-ly}\sum_{=2}Xff_{d^{t}f}\Lambda Rr_{r,y’ p’}-\sum_{\Leftarrow 1}\sum_{=2}x\ovalbox{\tt\small REJECT}_{d}mr_{d_{J}y}\end{array}\}+\{\begin{array}{l}\sum_{\Gamma- 2/}.\sum_{=2}X_{/}\Phi_{\prime\prime}\Lambda W_{r\cdot/^{Y}y}\sum_{\Gamma^{- 2}/}\sum_{=2}x_{/J/j}x_{r},,\uparrow W_{d"}\sum_{\Gamma- 2}\sum_{=3}X_{j}ffl_{d^{|;}}\Lambda W_{\parallel f’J^{f}}\sum_{\Gamma- 2\prime}\sum_{=3}X\Psi_{/}\Lambda R\nearrow_{i/,t}\end{array}\}$$=$ $G.$Sm Cos
$QC\mathfrak{w}$,Qc $Qa_{m},T\ovalbox{\tt\small REJECT} TC_{nm},TS_{m}$
$u\ovalbox{\tt\small REJECT} e$ see $mdrfr\Lambda W,\Lambda W$
$aR$
$e\equiv\epsilon/(1+\epsilon r)\cong\epsilon\ll 1$
$( \mathscr{B})=\sum_{\mathcal{F}^{2}}\sum_{t2}[)NQ_{\nu y\cdot r}-\sum_{k3}\sum_{k3}[\mathscr{B}]NQ_{\nu///},$
$\frac{\partial}{\partial t}QC_{\mathfrak{d}k^{||}}=-\frac{k^{\prime/2}}{\sqrt{Gr}}QC_{01^{t}}.-(-1)^{k^{t1}}\frac{\tau ci_{k^{1}}}{2k’}+\frac{\epsilon}{k’2}\sum_{\prime=1}nX4D_{n\prime}$ where seelpvenalx for mp
$- \frac{1}{4}\frac{\partial}{\partial t}A_{\hslash^{1-J}}..e[_{QB_{n}}^{QB_{n}}QB_{n^{|i_{-+2}^{-2})=\frac{1}{2\sqrt{Gr}}Ar,}}..\cdot-\cdot.’..+AB_{\parallel/}.-\frac{\epsilon}{2}AAD_{n1}.,$
$\frac{\partial}{\partial t}\{\begin{array}{l}\tau c_{\hslash/}.\tau c_{nf}\tau s_{\hslash^{--}},.TS_{\prime J}.\end{array}\}=^{-1}\sqrt{PrGr}[_{U+\epsilon n’)TS_{n/^{t}}}^{(+\epsilon n")TC,\prime}(a_{22,2}+\epsilon^{2}n^{2})TS_{\hslash!^{-.-\frac{4\epsilon^{2}\delta_{n^{1}1}}{i\pi})C4D_{\hslash/}}}.\cdot\cdot\prime U.+\epsilon n")TC_{n^{1}f^{-}}l^{222}..\cdot.’.,’-\epsilon[_{SAD_{\hslash/}}^{C,4D_{\hslash l}}SAD_{n\prime}.\cdot\cdot+)$
$[_{zzzz_{\hslash\hslash/}}^{JZZY_{nf}}wkeresee4ZXIZ,\kappa\nearrow r^{2f=3}$
$\}t\ovalbox{\tt\small REJECT} eP’=l’(\ovalbox{\tt\small REJECT},j’(e|e\gamma),$
$[_{S4D_{n/^{\sim}}}^{C\Lambda D,\prime}S4D,\prime$
$\mathscr{R})=(\begin{array}{l}f\Gamma^{4,\cdot s}\sum_{=2}\Sigma\alpha\Re jj^{\tau},l’)\mathscr{Y}_{J}^{+\sum_{-}\sum_{\ulcorner s}\infty,\gamma\angle \mathfrak{B}_{J;}}i/’ l’f\ulcorner-3,;s\sum_{=2}\Sigma mi_{J^{\tau}},j?\mathfrak{B}_{J},+\sum_{-}\sum_{\Gamma^{\lrcorner}}\alpha xU,\prime’ J,?\mathfrak{B}_{J}\end{array}),$
$(_{XSZC_{f}}^{xszc_{n\prime}}.)=(\begin{array}{l}XTQC_{\prime\cdot r}(TS,QS)XTQC_{\sim f}(rs,\rho s)\end{array}),$
$(\begin{array}{l}XCYC_{l}.\prime xcrc_{f}\end{array})=(\begin{array}{l}XTQC_{r}(T\mathcal{C},QC)XTQC_{\# f}(IU,\emptyset\end{array})where,\cdot\cdot,$
$\ovalbox{\tt\small REJECT} i$
$(\begin{array}{l}XTQC_{\prime}(JT,\Phi iT\rho c_{Y}.(\prod_{/}\Phi\end{array})\overline{\simeq}(,..-1\Sigma^{/\sim \mathfrak{l}}\Sigma^{\sum_{r}J}\sum_{1}|[X(\begin{array}{l}JT_{\prime\prime}RCCC_{\prime.\prime\prime}JT_{f}xcss_{\prime J\infty^{\vee}}\end{array})+QQ,-,(\begin{array}{l}:.TC_{rr}(RSSC_{/.\prime}\prime- I-+Rssc_{\prime\prime\prime}.)-J^{T\zeta}i_{/}(Rscs_{l- z_{JJ^{+RS\mathcal{C}s_{Jt})}}}.\end{array})]$
$A_{n^{--}f},,$ $\equiv[_{k^{\prime 2}+\epsilon^{2}n^{\prime 2}}+^{\mathcal{E}^{22}\prime}/,$ $QB\equiv(\begin{array}{l}QCQS\end{array}),$
$-(,^{2r\cdot\iota} \Sigma^{\Sigma}2\Sigma\sum_{j\cdot 2}|[y.Y_{\ell}(\begin{array}{l}T\Gamma_{/}Rssc_{r\nu/}JT_{l}.,Rscs_{G/\ell}\end{array})+X_{-(\begin{array}{l}/.TC_{0f}(RccC_{--I\ovalbox{\tt\small REJECT}\prime}.+Rccc_{zvI})- i^{6}TC_{\emptyset-}(Rcss_{j-2_{\prime}J}.+Rcss_{\mathfrak{a}^{-J}}.)\end{array})]}$
$A7_{nk}. \equiv(\begin{array}{l}YY_{t’k"}zr_{n^{--}k},\end{array})\cong\frac{1}{2}(\begin{array}{lll}QC_{nk’- 2} QC_{n^{n}l’} QC_{nl^{n}+2}QS_{n^{-}1^{-}-2} QS_{n^{-/}k} QS_{n^{\uparrow-}k^{t}+2}\end{array}) (\begin{array}{l}Al_{nk^{\prime-}}N2_{n^{|}k^{-}}V3_{nk^{-}}\end{array})$
$(\begin{array}{l}QCQC_{\hslash-}QCQC_{nf}\end{array})=(\begin{array}{l}\mathscr{Q}_{n/^{1}}.(QC,CCC)QQ_{\hslash^{-f}}.(QC,CCQ\end{array})(n=0,1.2.,,,,),$
$(\begin{array}{l}QJQJ_{\hslash i^{1}}QSQS_{nf}\end{array})(\begin{array}{l}X,|\cdot/.(QS,SCS)\mathscr{Q}_{nf}(QS,SCS)\end{array})wkere$
where $k”=;’,j”$ , see Appenair for $M,2,3.$
$(\begin{array}{l}QQ_{\prime\prime}..(QQ,TR/)QQ_{nf}(QQ.TRJ)\end{array})=\frac{l}{2}\sum_{\prime\lrcorner}(\begin{array}{l}-i^{n}(QQ_{\prime\prime\cdot 2}+QQ..)J’(QQ_{\psi\cdot 2}+QQ_{\nu}..)\end{array})TRJ(n,1,\pi^{1},)$
47
$(\begin{array}{l}\varpi c\ldots\varpi c_{r}\end{array})=(\begin{array}{l}JZ_{\prime}.(ISj\zeta,\propto.\rho s.ccQZ_{j}.(JS.\mathcal{K},Qc,\rho s.ccq\end{array})\cdot(\begin{array}{l}lCJC_{\prime}YCJC_{/}\end{array})=(\begin{array}{l}JZ.,.(\mathcal{K}fS_{\prime}\rho s\rho C,Cff)Jz_{\prime}\varphi\epsilon Js\rho sX\mathcal{L}:ss)\end{array}),$
$-\sin\theta$
$(\begin{array}{l}ZCJS_{\prime}Z\mathcal{C}JS_{\prime\prime}\end{array})=(\begin{array}{l}JZ_{r}(JC,JS.\rho s.\rho c.sx\gamma 1Z_{-\sim}(JC.7S.\rho s,K^{S}O\end{array}),$ $(\begin{array}{l}z\varpi_{\prime\prime}z\emptyset_{r}\end{array})=(\begin{array}{l}JZ_{r}(JS.Jc.\alpha:,\rho s.scDz_{r}rJc\rho cffl cr)\end{array})$
Fig5 1
$wke\kappa$
$(\begin{array}{l}JZ_{\sim\prime}(n.rz.g.Q2.\prime ROZ_{f}(n.J2.g,\rho 2.JR\eta\end{array})\cdot\sum_{-1}\Sigma n’TRf(\wedge n’n)\langle$
$Pe6$
$\sum_{\wedge 2}[_{\sum_{\prime\cdot 1}^{f}}^{\Sigma}|\cdot\prime/\prime.,(-\prime^{\backslash }RCSS_{1.\prime}-J.\cdot,$ $\epsilon Gr>\frac{2}{Pr}=\frac{1}{3}$












$\underline{\partial}(\begin{array}{l}\tau c_{l1}\tau s_{l|}\end{array})=\frac{-1}{p_{f}\sqrt{\sigma_{r}}}[_{(1+\epsilon^{2})TS_{11}-\frac{4\epsilon^{2}}{\pi}}^{(1+\epsilon^{2})G_{I}}r)+\epsilon QC_{01}(\begin{array}{l}1-\frac{8}{3\pi}lS_{1l}\frac{8}{3\pi}TC_{11}\end{array})$
$\grave{}$
$T$$S$

















$QC_{01s}= \pm\frac{3\pi}{8}\sqrt{\frac{1+\epsilon^{2}}{2\epsilon Pr}}\sqrt{1-\frac{32\epsilon^{2}2(1+\epsilon^{2})}{3\pi^{2}(1+\epsilon^{2})Pr\epsilon Gr}}$
$\Gamma C_{11s}=\frac{2}{\sqrt{Gr}}QC_{01s}=\pm\frac{3\pi}{8}\sqrt{\frac{2(1+\epsilon^{2})}{Pr\epsilon Gr}}\sqrt{1-\frac{32\epsilon^{2}2(1+\epsilon^{2})}{3\pi^{2}(1+\epsilon^{2})Pr\epsilon Gr}}$
$\cong\frac{3\pi}{8}\sqrt{\frac{1}{2\epsilon Pr}}\sqrt{1-\frac{2}{Pr\epsilon Gr}}$
$\cong\pm\frac{3\pi}{8}\sqrt{\frac{2}{Pr\epsilon Gr}(1-\frac{2}{Pr\epsilon 6r})}$
$\tau c_{01S}=0,$ $\tau c_{t1S}=\frac{2}{\sqrt{Gr}}QC_{01s},$
$\epsilon<1$ 3
$TS_{1|s}=(1-)\cong(1-)\underline{3\pi}\underline{2(1+\epsilon^{2})}\underline{3\pi}\underline{2}$ $Pr\epsilon Gr$
$s Pr\epsilon Gr s Pr\epsilon Gr$
$\backslash Pr\epsilon Gr$ 2















$[_{\frac{8\epsilon}{3\pi}TC_{11S}}^{\sqrt{Gr}} \epsilon^{-1}(1-\frac{8}{3\pi}TS_{11I}.)\frac{(1+\epsilon^{2})}{\frac {}{}8\epsilon_{3\pi}QC_{0ts}Pr\sqrt{Gr}}\frac{1}{2}.o\frac{8\epsilon QC_{01S}}{\frac{(1+\epsilon^{2})3\pi}{Pr\sqrt{G\prime}}}][_{\Gamma S_{|1}}^{Qc_{01}’}rc_{11})$
$\partial t$
$\frac{\partial}{\partial t}[rs_{\dagger 1}’\iota whereA=i-\frac{32\epsilon^{2}}{3\pi^{2}(1+\epsilon^{2})}Q’ e^{\frac{-1}{\sqrt{Gr}}\frac{1}{2}0}QC_{0t}’\tau c_{\theta 1},)=(..,,\sim(1+\epsilon^{2}\sqrt{PrG\prime}^{)_{\sqrt{PrGr}^{)}}},..(\begin{array}{llll}\sqrt{G\prime}^{+\dot{n})}-\iota \frac{1}{2} 0 \epsilon(1\frac{8}{3\pi}TS_{l1S}) -\sqrt{PrGr}(1+\epsilon^{2}\rangle_{+j\omega} \frac{8\epsilon QC_{01S}}{3\pi}\frac{8\epsilon}{3\pi}\Gamma C_{\iota)s}\frac{8\epsilon\rho c_{o}}{3\pi}L \frac{(1+\epsilon^{2})}{p_{r}\sqrt{Gr}}+i\omega \end{array}) QC \ovalbox{\tt\small REJECT} 01= Xe\grave{} m-, TC_{11}=Ye^{KoJ}, TS_{11}’=Ze^{h\prime}[_{rs_{11}}^{QC_{01}}\tau c_{11})=[_{0}^{0}0)$
$[ \epsilon 0A\frac{-1}{\sqrt{Gr}}0\frac{-(1+\epsilon^{2}}{Pr\sqrt{G\prime}}+\dot{m})\frac{-(1+\epsilon^{2})}{Pr\sqrt{Gr}}0+/\prime\omega]\{\begin{array}{l}QC_{0/}’TC_{1l}^{|}xr_{||}\end{array}\}=[_{0}^{0}0)$
$+$( w$\tau$(h$\sqrt{}$- Ge-lrGr elr$+$ $+$x. Oj$\emptyset$)( -)($B$–38$\pi\epsilon+\grave{}$ )w2$Q$)(c -olls 2$+$- n.-2]’ )$\epsilon$-(
$\grave{}$
l-2l– (–338 8$\pi\pi\epsilon$ )
$T$
$2ST\triangleleft$
llCSl)l($S$ -$Q\ovalbox{\tt\small REJECT}$ c$+O\grave{}$lSi$\omega$ ) $=0,$
- 1 $QC_{01\delta}^{2}=( \frac{3\pi}{8})^{2}\frac{l+\epsilon^{2}}{2\epsilon lr}c,$ $TS_{11S}= \frac{3\pi}{8}(1-\frac{2(1+\epsilon^{2})}{Pr\epsilon Gr}),$ $l \mathcal{C}_{t\}f}=\frac{2}{\sqrt{Gr}}QC_{01S},$
$\langle\sqrt{PrGr}^{)_{+}}\prec 1+\epsilon^{2}$
$),$ - $,)[(\sqrt{Gr}^{+j}\omega,-\omega,x_{\sqrt{PrGr}^{)_{+\dot{w}_{r}\sim\omega,)-\frac{\epsilon A}{2}]=0}}}^{\triangleleft 1+\epsilon^{2}}$
2
$C \equiv 1-\frac{32\epsilon^{2}2(1+\epsilon^{\backslash })}{3_{l}r^{2}(1+\epsilon^{2})Pr\epsilon C\prime},$ $B\equiv\sqrt{PrGr}(1+\epsilon^{2})$
$\omega,$ $=0$, $=^{-(1+\epsilon^{2})}\sqrt{PrG\prime}$ ’
$-1$ $\prec 1+E^{2}$
$(FGr-1+\grave{w})(-B*j\varpi)(-B+\dot{a})t(\Gamma^{+i\triangleleft)\frac{s\langle l+\epsilon^{2})}{2Pr}\mathcal{C}-\frac{(1+\epsilon^{2})}{p_{Y}\sigma_{F}}(-\ovalbox{\tt\small REJECT} k\emptyset)=0}-2Gr’$
$(\sqrt{Gr}^{+ia)_{f}- _{}i)(\sqrt{PrG_{-r}}}-(1+\epsilon^{2})_{+i ,-\omega,)-\frac{\epsilon A}{2}=0},$




$\omega,=-\sqrt{2Cr}^{(\frac{(1+\epsilon^{2})}{Pr}+1\rangle}1,$ $\omega,=\neq\sqrt{\frac{1}{4Cr}(1-\frac{(1+\epsilon^{2})}{Pr})^{2}+\frac{\epsilon}{2}(1-\frac{32\epsilon^{2}}{3\pi^{\sim}(1+\epsilon^{2})})}$ $F \equiv\frac{\epsilon(1+\epsilon^{2})}{2Pr}(1-\frac{32\epsilon^{2}}{3\pi^{2}(1+\epsilon^{2})}+\frac{2}{\epsilon Gr})$
$\mathcal{C}\equiv\frac{\epsilon(1+\epsilon^{2})}{p_{r}\sqrt{G\prime}}[1-\frac{32\epsilon^{2}2(1+\epsilon^{2})}{3\pi^{2}(1+\epsilon^{2})Pr\epsilon Gr}]$





























$3M$ $M$ $F$2 2
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$CCC(n,n’,n’) \equiv\frac{1}{2\pi}f^{\pi}\omega s/\theta\cos n’\theta\cos/t’\theta ae$
$CSS(n,n’,n^{-}) \equiv\frac{1}{2\pi}\iota^{2\pi}\cos/\theta\sin n’\theta_{S1}’nn"\theta\theta$
$SSC(n,n’,n^{\prime\ovalbox{\tt\small REJECT}}) \equiv\frac{1}{2\pi}f^{n}\sin/\theta\sin n^{\theta}\theta\cos n"\theta m$
$SCS(n,n^{\ovalbox{\tt\small REJECT}},n") \equiv\frac{1}{2\pi}\iota^{2\pi}\sin/\theta\cos n^{-}\theta\sin n$” $\theta d\theta$
RCCC$(k,k’,k’ \gamma\equiv\frac{1}{\pi}C_{2}^{2}\kappa ncos(k)cos(k’ r)\cos(k"r)$de
RCSS$(k,k^{-},k’) \equiv\frac{1}{\pi}L_{\pi}^{2}\pi 2\cos(k)\sin(k^{\nu}r)\sin(k’ r)\star$










$\Lambda 4_{P.t/}(RI\infty\equiv k^{1}$PRrCS,$,,$ $\lrcorner V_{PJ\parallel}(RCS5j\underline{=}$Pt $RCSS_{PJy}$
$R1_{xJJ}(RSa\gamma\equiv-k’ PRCSS_{lj/},$ $-\alpha_{xJ\mathcal{X}}(RCSS\gamma\equiv-lRSCS_{JJ}\ldots$
$R1_{xg\gamma}(-wcs\gamma\equiv k’ lRXC,,$ $-n_{tJP(RCS5)}$ $RCCC_{tJ\mathcal{X}}.$
$R1_{tJ\nearrow.(MC\delta\gamma\equiv-k’ PRCCC_{\parallel JJ^{J}}},$ $R_{xJ,x}.(RCS37\equiv lRSSC_{PJP}.$
$(\begin{array}{l}Au_{n}..\prime N2_{n1}.M_{nt}.\end{array})\equiv[_{k’+\epsilon^{2}(2^{2}}^{(k}_{d,2},’|,$
1, Lorenz, E. $N$ . 1963: $Determ\ddot{m}stic$ Nonpenodic Flow. Joumal of
Abnospheric Science, Vo120, pp130-141.
2. Suda, F. and K. MmuIa 1989: Temperature and velocity distribubon
in acircular natural convec$\dot{b}on$ loop, $24^{th}$ Nahonal Heat Transfer
Symposium, Japan, Vol.3 pp$752_{ }754$ (in Japanese)
3. Sano, $0$ . 1991: Cellular sRcture in a natural convectlon loop and its
$ppl89-204chao\dot{h}cbehaviom.$
$I$ . Expenmeng Fluid Dynamic Research, Vol.8
4. Sano, $0$ . 1991: Cellular structure in a natural convection loop and its
chaobc behaviour II. Theory, Fluid Dynamic Research, Vol.8 PP205-220
5. Yorke; J. $A$ . and E. D. Yorke 1981: $Chao\dot{h}c$ behavior and fluid








9. $200S$ : $\sim$
$\approx_{r}R$ $19MB-S6$ pp108-113
$NRI_{nr//}=(\Lambda W(i,j’-2,n")AW(i,t" n^{\dagger X}))(\begin{array}{l}RCSS(i,;.- 2,;.,- 2)+RCSS(j/^{\backslash }- 2,l^{})RCSS(j_{\prime\prime}’,- 2)+RCSS(i,:^{},l^{})\end{array})$
$NR/_{n^{},p}.=(\Lambda W(\sqrt{}.,j’-2,n")AWO^{\cdot},j’,n"))(_{RSCXj,j,l-2)+RSCS(j,f^{\prime\cdot/})}^{Rscw_{J},-2_{l’}-2)+Rfcw_{l}j’-2,/}$
$NRJ_{fg}.=(JW(i,j’-2,n’)/1W(i,j^{1},n^{1/}))(_{RCc\alpha jj}^{RCC\mathcal{C}(i,j^{2}-2,j"-2)+RCCC(i,j^{}-2,y}$




$NQ_{n,j,f}.=NQ_{\hslash.\hslash}..d../\cdot J^{\cdot}(RSSC),$ $NQ_{n.n.}J^{\cdot}J^{t}=NQ_{n.\prime J\nu}.(RCCC)$ ,
wkere
$NQ_{n.nJJJ^{1}}.(RT)\equiv(\begin{array}{l}Qak-2,k^{|}-2,n,n^{\prime|})Qgk-2,k^{\mathfrak{l}},n,n")Qgk,k^{}-2,n,n’)Q\alpha k,k’,n,n,,)\end{array})\cdot[_{RT_{kj^{1}f-2}’+RT_{t\prime\prime}}^{RT_{1-2J^{1-2}J^{l}-2}+RT_{k-2j^{}-2j}}RRT_{t-2Jd^{\prime(-2}}T_{tJ-2j-2}++RRT_{k-2\prime.\prime}T_{tJ’-2f}..\cdot)$
and $QQ(k,k’,n,n”)\equiv fl^{k^{2}-}k^{2}-e^{2}(n^{2}-n^{\prime\prime 2}+1)]$
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